Abstract. To collect single cell protein (SCP) and remove chemical oxygen demand (COD) from potato starch processing wastewater, five industrial yeasts, i.e. Geotrichum candidum link, Candida utilis, Saccharomycopsis fibuligera, Candida tropicalis and Saccharomyces cerevisiae were selected for the fermentation of the wastewater. The efficiency in SCP yield and COD removal of the five yeasts and their combination were evaluated, respectively. The results showed that C. utilis was the best strain for potato starch processing wastewater fermentation. After fermenting for 12 h at an initial pH 6 and 28℃ with an initial COD of 12594 mg·L -1 and an inoculated ratio of 10% (v/v), its SCP yield, water-soluble protein (WSP) yield and COD removal reached 1.87 g·L -1 , 0.274 g·L -1 and 40.22%, respectively. The co-culturing of the yeasts that were significant difference in nutrition and metabolic property could maximize the conversion and utilization of various organic substances in the wastewater, resulting in a better COD removal and SCP production. It was found that the mixture of C. utilis, G. candidum link and C. tropicalis was the best combination for the fermentation of potato starch processing wastewater. Fermented under the same conditions as that of C. utilis, the COD removal rate of the three-strain mixture averaged 46.97%, and a SCP yield of 2.48 g·L -1 and a WSP yield of 0.398 g·L -1 were obtained, which were 1.17, 1.33 and 1.45 times of C. utilis respectively.
Introduction
Potato starch processing wastewater (PSPW) is a kind of valuable biomass resource with high rates of chemical oxygen demand, in which has a lot of organic nutrients such as starch, soluble fiber, protein and carbohydrates. The comprehensive treatment technology of PSPW aimed at resources and energy recycling, has attracted much attention [1] . One of the treatment techniques of PSPW, which is based on yeast and mold culture, can both recover single cell protein (SCP), decrease the concentration of organic matter in wastewater and reduce the difficulty of follow-up treatment, has been widely concerned and studied [2] . SCP, also known as bacterial protein, is the cytoplasmic mass consisting of proteins, carbohydrates, fats, nucleic acids, vitamins and inorganic compounds [3] .Yeast is the most common SCP production strain because of its characteristics of fast growth, no pathogenicity, nutrient-rich, easily be digested and absorbed and can endure low pH or high osmotic pressure environments [4] .However, the components of PSPW are complex. It is difficult to make full use of the various organic matters in the wastewater only through single strain fermentation. Therefore, the SCP production technology through mixed strains fermentation from wastewater has become a research hotspot in recent years [5] . It has been proven that the mixed fermentation can greatly improve the utilization of complex matrix and the yield of the target product [6] . However, there is little research about SCP production technology using the PSPW as fermentation substrate.
In this paper, five kinds of common industrial yeasts were selected according to the characteristics of PSPW, and their efficiency in SCP yield and COD removal was evaluated. Then the study on the mixed fermentation of five kinds of yeast was carried out with the preferred strains as main fermentation bacterium, and the yeast combination with best fermentation performance was screened out.
Materialsand Methods

Wastewater Characteristics
Potato starch processing wastewater (PSPW) was obtained from a starch factory in Suihua City, Heilongjiang Province. The quality of the PSPW is presented in Table 1 . 
Preparation of Inoculation Solution
The yeast were picked from the agar slant culture-medium stored in the refrigerator and and inoculated into 250 mL flasks containing 50 mL fluid medium and cultured at 28°C and 180 r·min -1 for 24 h. Cells were centrifuged at 3500 r·min -1 for 10 min, washed and diluted with physiological saline to prepare a suspension of yeast at a certain concentration (OD 560nm 1.0).
Wastewater Fermentation Experiment with Single Yeast
For each group of wastewater fermentation experiment with single yeast, 3shake flasks were prepared and cultured at the same time. The fermentation system of aseptic inoculation was used as control. The preparation and culture methods of each shake flask are as follows: 50 mL of PSPW (without sterilization) was injected into the250 mL conical flask and the suspension of the yeast was inoculated at a dose of 10% (v/v). The pH of wastewater was adjusted to 6.0, and then the conical flask was sealed with oxygen-enriching membrane and was incubated with shaking (180 r·min -1 ) at 28°Cfor 12 hours. Then the indexes of COD, SCP and WSP were tested. The results are based on the average of three parallel samples.
Mixed Fermentation and Compositional Formulation of the Five Yeasts
The SCP yield, COD removal rate and WSP yield were used as indicators to compare the performance of five kinds of yeast fermented PSPW. And the yeast with best performance (C. utilis) was screened out and identified as the main fermentation bacterium. Then the mixed fermentation experiment of five kinds of yeast was carried out in a progressive manner. The compositional formulation of the five yeasts is shown in Table 2 . The culture conditions of the combined flora were the same as those of the wastewater fermentation experiment with single yeast. The overall inoculation volume of each fermentation system was 10% (v/v), and the proportion of inoculated strains was 1:1 (v/v). Three parallel samples were set for the fermentation test of each combined flora. Cultures were incubated with shaking (180 r·min -1 ) at 28°C for 12 hours. Then the indexes of COD, SCP and WSP were tested. 
Analytical Methods
COD, NH
4+
-N, pH, SCP yield(dry cell weight) and TP were determined in accordance with Standard Methods for the Examination of Water and Wastewater [7] . TN was measured by using the Multi 2100s TOC/TN analyzer from Analytikjena, Germany. pH was measured with a pH meter (DELTA 320, Mettler Toledo, USA).WSP was measured by Bradford method [8] . Table 3 shows the results of thefermentation experiment of PSPW with single yeast. It can be seen that the SCP yield and COD removal rate of five kinds of yeasts were different after culture of 12 hours, which may be due to differences in the ability of each kind of yeast to absorb and convert organic matter and adapt to the environment [9] . Compared with the other four yeasts, C. utilis had no significant advantage in SCP yield and COD removal rate (P<0.05), but it's WSP content in the produced SCP and the WSP yield were the highest, reached 15.84% and 0.273 g·L -1 respectively. Therefore, C. utilis was selected as best fermentation strain for the production of SCP from PSPW. By analyzing, this paper thinks that in the fermentation system of PSPW, there is a symbiotic relationship between C. utilis and G. candidum link. C. utilis can decompose the complex substrates, the low molecular carbohydrates produced by its hydrolysis can not only meet the needs of its own growth, but also provide a suitable carbon source for the growth of G. candidum link [9] . And G. candidum link can effectively decompose and utilize the proteins in the wastewater. The polypeptides, amino acids and ammonia nitrogen produced in this process can provide the necessary nitrogen source for C. utilis growth [10] . Thus, the synergistic effects of these two yeasts significantly improved the utilization of organic compounds in wastewater and the SCP yield. three-yeast-combination was carried out ( Table 2 ). As shown in Fig. 1(a) , the SCP yield and COD removal rate of the combination composed of C. utilis , G. candidum link and C. tropicalis were significantly higher than those of the other three-yeast-combinations after culture of 12 h, which reached 2.22 g·L -1 and 47.0%, respectively. In the same way, on the basis of the combination composed of C. utilis, G. candidum link and C. tropicalis, S. cerevisiae and S. fibuligera were added respectively to construct the fermentation systems of four strains. The results show that ( Fig. 1(b) ), the four-yeast-combination composed of C. utilis, G. candidum link, C. tropicalis and S. fibuligera, its SCP yield (2.40 g·L -1 ) and COD removal rate (39.5%) by fermented the PSPW were significantly higher than that of the combination composed of C. utilis, G. candidum link, C. tropicalis and S. cerevisiae (2.11 g·L -1 and 35.1%, respectively).
Results and Discussion
Wastewater Fermentation Experiment with Single Yeast
Mixed Fermentation Experiment with Compound Yeast
Comparative Analysis on the Effect of Fermenting PSPW with Compound Yeast
On the basis of the aboveresearch, the preferred yeast and combinations, as well as the combination composed of the five kinds of yeast were cultured with the same batch of PSPW. Subsequently, their fermentation effects were compared and analyzed. As shown in Table 5 , there is no significant difference (P>0.05) in SCP yield between the combinations composed of two yeasts, three yeasts, four yeasts and five yeasts, which all significantly better (P<0.05) than that of C. utilis. In all tested mixed fermentation combinations, the two-yeast-combination composed of C. utilis and G. candidum link and the three-yeast-combination consisting of C. utilis, G. candidum link and C. tropicalis, their COD removal rate (45.17% and 46.97%) and WSP content (14.98% and 16.08%) were significantly higher than those of four-yeast-combination or five-yeast-combination (39.51% and 36.97%; 12.44% and 11.60%, respectively). The WSP is an important indicator of the quality of SCP. The greater the value of WSP, the higher the nutritional value of SCP [11] . It can be seen that the three-yeast-combination consisting of C. utilis, G. candidum link and C. tropicalis had a WSP yield of 0.398 g·L -1 , which was significantly higher than the 0.333 g·L -1 of the two-yeast-combination composed of C. utilis and G. candidum link. Therefore, through comprehensive comparison, it was found that the three-yeast-combination composed of C. utilis, G. candidum chain and C. tropicalis could effectively pretreat the potato starch processing wastewater by fermentation and realize the maximized recovery of SCP. Different yeasts have a large difference in the type of produced enzyme and the ability to produce enzymes. When the PSPW was treated by the mixed yeast flora, the complementary effects of multiple enzymes secreted by different yeasts can be fully played. So that the organic compounds with different properties in wastewater can be transformed and utilized to the greatest extent. Analysis that it may be the main reason that the three-yeast-combination composed of C. utilis, G. candidum chain and C. tropicalis get the best SCP yield and COD removal rate [12] . However, in the mixed fermentation systems composed of four or five yeasts, the suitable substrates used for C. utilis, S. fibuligera and S. cerevisiae growth were dominated by monosaccharides, disaccharides and starch, there have a large degree of overlap in the trophic niche. So the competition between the three yeasts for the substrate will certainly lead to growth inhibition. Which in turn lead to the utilization efficiency of organic matter in PSPW by the whole flora is reduced, and the COD removal rate of the fermentation system decreased. 
